The penetrations of methicillin, oxacillin, and cephalothin into cortical bone and synovial tissues were studied 1 h after their intravenous administration in 105 patients having arthroplasty of the hip. Although the lowest serum levels were noted with cephalothin (P < 0.01), more patients receiving cephalothin achieved osseous drug levels inhibitory to staphylococci (P < 0.01). Differences in the penetration of the three agents into synovial tissues were not statistically significant.
The use of prophylactic antimicrobial therapy for the prevention of infection during total joint arthroplasty has resulted in numerous in vivo studies in an attempt to delineate the ability of various antimicrobials to penetrate bone. Schurman et al. (10) reported that the mean cortical bone concentration of clindamycin in 23 patients was 3.87 ± 2.40 ,ug/g, with a range of 1.15 to 9.59 ,tg/g in osseous specimens obtained from the femoral head during total hip arthroplasty. Nicholas et al. (6) noted a mean osseous level of cindamycin of 2.63 ± 1.76 ,g/g in 27 patients. However, in 11% the drug concentration failed to reach 1.0 ,tg/g. In contrast, the concentration of clindamycin in osseous specimens taken from the femoral head failed to reach a concentration of 1 ,ug/g in five of eight patients studied by Dornbusch et al. (2) . When bioassay was performed with an experimental electrophoretic method rather than an agar-diffusion technique, they noted that in seven of the eight patients the concentration reached at least 1 ytg/g. Smilack et al. (11) found high concentrations of clindamycin (9.3 and 7.3 ,ug/g) in two of three bone specimens obtained during either total hip or total knee arthroplasty. These authors (11) also noted methicillin concentrations inhibitory to staphylococci in three of four patients. The mean concentration of methicillin in cortical bont in 22 patients was noted by Schurman et al. (10) to be 2.60 ± 0.18 ,ug/g. Although the range was reported to be 0 to 7.03 ,ug/g, the authors failed to provide sufficient data to permit determination of the number of specimens with less than 1 (11) were unable to obtain measurable bone levels in three of four patients receiving cefazolin. Failure to detect concentrations of cephalothin in osseous specimens from four of four patients was also reported by Smilack et al. (11) . In an attempt to clarify this conflicting information, the penetration of osseous and synovial tissue by methicillin, oxacilhin, and cephalothin was investigated during total hip arthroplasty.
MATERIALS AND METHODS
The study group comprised 105 patients undergoing total hip arthroplasty for various pathological conditions. The three groups of patients studied had similar pathological conditions (Table 1 ). All patients were managed before and after operation according to a previously detailed protocol (1), except that antimicrobial therapy was administered only after the arrival of the patient in the operating room and no antimicrobial irrigation solution was used during the procedure.
Serum specimens were drawn on the arrival of the patient in the operating room. A 1-g amount of methicillin, oxacillin, or cephalothin was administered intravenously at the time anesthesia was induced. At 1 h after the administration of the agent under study, cortical bone specimens were removed from the acetabular side of the hip joint, a synovial tissue specimen was excised from the inframedial aspect of the capsule, and a serum specimen was drawn simultaneously.
The serum specimens were analyzed for antimicrobial concentrations by the disk-plate method with Sarcina lutea (ATCC 9431) as the assay organism (4) . RESULTS Inadequate sample size of the cortical bone specimen in 32 patients and the synovium specimen in 5 patients prevented determination of the antimicrobial concentration in tissue. In 10 of the 32 patients with inadequate osseous specimens (7 receiving methicillin, 3 receiving oxacillin), the antimicrobial agent under study was not present in a concentration inhibitory to staphylococci, that is, the concentration was less than 1 ,ug/g of tissue.
Serum level. Among the 72 patients in whom tissue antimicrobial concentrations were determined, 4 patients with coxarthrosis were noted to have antimicrobial activity in the serum before the administration of the agent (methicillin, 1; oxacillin, 3) . Only the data for the remaining 68 patients were evaluated. At 1 h after 1 g of cephalothin was administered intravenously, the serum levels in 21 patients ranged from 6.6 to 20.8 iLg/ml, with a mean level of 11.9 ,ug/ml. In 25 patients the serum level of oxacillin at 1 h after 1 g was given intravenously ranged from 5,0 to 32.8 tog/ml, with a mean of 18.9 tug/ml.
The serum level of methicillin at 1 h after 1 g was administered intravenously in 22 patients ranged from 4.3 to 36. 4 ,ug/ml, with a mean of 17.1 ,ug/ml. The mean serum level of cephalothin was significantly lower than that of either oxacillin or methicillin (P < 0.02).
Osseous tissue levels. The cortical bone levels of cephalothin in 21 patients at 1 h after intravenous administration of 1 g ranged from 0.9 to 17.5 ,ug/g, with a mean of 3.9 ,tg/g. In 22
patients receiving 1 g of oxacillin and in whom the exact level could be determined, the cortical bone level after 1 h ranged from 0.3 to 14.5 ,ug/g, with a mean of 2.1 ,ug/g. The cortical bone level of methicillin in 15 patients in whom the exact level could be determined ranged from 0.5 to 10.3 ,ug/g, with a mean of 3.1 yg/g. There was no statistical difference in the mean cortical levels of the three agents studied.
However, in plotting the relationship between the drug concentration in cortical bone and the concentration simultaneously in serum for each of the three agents studied (Fig. 1, 2 , and 3), several facts became apparent. No consistent relationship existed between the serum level and the cortical bQne level. If we included the 10 patients (7 receiving methicillin and 3 receiving oxacillin) in whom inadequate osseous tissue sample size prevented determination of the exact concentration of tissue but the cortical bone level failed to reach a concentration inhibitory to staphylococci (<1.0 ,tg/g), the drug concentration in 50% of the patients receiving methicillin, 44% of the patients receiving oxacillin, and 4.8% of the patients receiving cephalothin was less than 1 .tig/g of cortical bone. In fewer patients receiving cephalothin than either methicillin or oxacillin were the osseous drug concentrations inhibitory to staphylococci (>1.0 jLg/g) (P < 0.01). (12) . Finally, if accurate cortical All but one bone levels reflecting the in vivo environment re than 1 pg/g are to be reported, those agents known to exhibit ); line B, cor-protein binding should be studied with standards diluted in phosphate buffer (9) .
In an attempt to avoid many of these probrobial levels lems, this study was designed to obtain all specdequate size imens from the acetabulum 1 h after intravenous 19 patients administration of the antibiotic. The zones of tissue levels inhibition produced by the osseous specimen mean of 2.4 were compared with those produced by stanin, the range dards diluted in a phosphate buffer without hun of 1.8 ,ug/g. man serum. The sensitivity of the bioassay for ing methicil-methicillin and cephalothin required large tissue mean of 1.9 specimens. Unfortunately, the amount of cortisted among cal bone removed from the acetabulum during f the three total hip arthroplasty is small, so that not all iving methi-assays were definitive. This study was also dein and ceph-signed to compare the osseous penetration of not reach 1 Deep wound infection has been reported to occur in up to 9% of patients undergoing total hip arthroplasty. In our experience, staphylococci have been the causal organisms in approximately 60% of deep' wounds in infected hips (3) . All isolates of Staphylococcus aureus and Staphylococcus epidermidis were resistant to penicillin (minimal inhibitory concentration,-1 ,tg/ml). Any agent chosen as a prophylactic antimicrobial during total joint arthroplasty should achieve concentrations in the synovial and osseous tissues inhibitory to staphylococci.
The osseous and synovial tissue drug levels obtained in this study indicate that cephalothin more consistently reaches concentrations in cortical bone which are inhibitory to staphylococci. The relatively high protein binding of oxacillin did not alter its penetration into osseous or synovial tissues, and there were no significant differences between the osseous or synovial concentrations of methicillin and oxacillin. Thus, when an antimicrobial agent is selected for prophylaxis during total joint arthroplasty, cephalothin would appear to be superior to either of the isoxazolyl penicillins studied.
